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Field o f the invention 

1^ present inv^tlon applie. to the problem of routing in 
nodes, which conmmicate via wireless links. 
' 3»gfcgroniia ot Ml- t:,m^ nr^ 

C<™,u„ication in Am may take place directly between two 
mobile nodes, if they are within an appropriate range of 
one another. More common is the case of multi-hop routing, 
in whxch nodes lying between the source node s a!d desti!;. 
txon node D serve as routers, conveying data from source to 
inr^f via multiple hops, zt is technically challeng- 

to fxnd such multi-hop paths, since the topology of the 
^ " ~-tantly changing due to the motion of thfno^es 
Thus xt IS, xn general, challenging to route messages be- 
15 tween nodes in an ahn. 

It should be noted that routing from a mobile node to a 
gate^y node G (which is usually fixed in place) is also of 
sxgnxfxcant interest. The gateway node then gives access 
from the mobile SHH to a fixed network. Node-gateway rout- 
- xng can in principle include the multi-hop case, in which 
^gaxn) intermediate mobile nodes serve as routers passing 
data to and from the gateway. 

The phrase "multi-hop routing in an ad-hoc network- can be 
25 ana mobile ^ gateway) , 

The problem is to find good paths between pairs of nodes in 
an i«» that wish to com^cate. There are various criteria 
for good" paths. The path must be feasible (that is it 
3. Z^'' T."^ outdated topology infonuation, which 

3. uses links that no longer exist) . B,e path should also be 
as short as possible to minimize the use of bandwidth for 
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relaying, and it should avoid congested areas which give 
rxse to undesirable delay in the passing o£ data. 

D^^ing on the circumstances and the application, there 
can be other criteria for goodness of a path. The present 
invention is useful for any criteria of goodness, L long 
as these criteria can be measured in the course of the 

tIZr!^'°" f "^'^ ''•^ P^"*- -"erla „en- 

r:Lt°iir"^°^' - - 

Finding good paths is a readily soluble problem for a 

ora^!!^' '"^"'^'"^ "^"^ - realistic and 

practical span of node mobility and wireless communications 

^TL J^T^^'' °' ^ ^ -^3- --e rap- 

Idly than traditional methods, used for static networks, 

"""r r '-'"-""-^"^ '--^'i-S) -thods mu^t 
i3e found for such dynamic networks. 

Routing in has been studied intensively over the last 

^IL """^^ °' '-""3 ^or 

an AHN IS very large, and it is not practical to try to 
list them all here. 

Wngr"'"" ^''"'^ """""^ """'""'^ 

S Ramanathan and M. Steensrup, -a survey of routing tech- 

2TZ,lTc.T''^ co^nunlcations networks", «oMle net^r*. 
and JlRplieations, vol. ino. 2, p. 89, 1996. 

J. Broch, D.A. Maltz, D.B. Johnson, Y.-c. Hu, and J. 

2 Snit"* con^arlson of ,m.lti-hop wireless 
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E.M Royer and c.-K. Toh, «A review of current routing pro- 
tocols for ad hoc mobile wireless networks", IEEE Personal 
Conmamlcatlons, April 1999, p. 46. 

An electronic overview by Christian Tschudin of Uppsala 
laiiversity is at: 

http://www.docs.nn.Be/^tsch„ri-{n /-.^^./2onn.^nni/^^o,/„-.i^^^.,,^ 

hoc-4up.prif '-^ 

There is also a working group o£ the Internet Engineering 
Task Force (IETF) , ^ich is dedicated to Mobile Ad-hoc Hef 
works or MANETs. See: 

ietf . org/html . rharfer^ /m^„»i-^>,^ ^t^^ . y,^^^ 

Further, stochastic routing has been proposed for routing 
xn fxxed (but dynamic) networks in numerous research pa- 
pers There is one research paper describing a specific 
stochastic routing scheme for ad-hoc networks: 

P. Gupta and P.R. Kumar, «a system and traffic dependent 
adaptive routing algorithm for ad hoc networks". Proceed- 
ings of the 36tb IEEE Conferenae on Decision and Control 
pp. 2375-2380, San Diego, Dec. 1997. 

Most ad-hoc routing protocols attempt to find a full path 
from a first node S to a second node D before sending data 
There are two broad categories for protocols doing this: 

Proactive protocols: These protocols attempt to maintain a 
complete routing solution for the entire network at all 
txmes. in this sense, they are like those approaches used 
for routing on a static network - although they are of 
course adapted to better deal with the dynamic nature of 
the AHN. These protocols are also known as -table-driven" 
Since they attempt to maintain information amounting to a 
con^lete set of routing tables for all s-D pairs 
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^ -source-initiated" or 

on-demand" protocols. A recent evaluation of two of the 
= most prominent on-demand protocols is = 

C.B. Perkins, e.m. Royer, s.R. Das, and M.K. Marina "Per 
fo^ance co«^arison of two on-demand routing prot:c;is fo^ 
ad-hoc^networ.s.. p__, C„.atiL", Pe.:::r^°' 

. T^ere are ad-hoc routing schemes that do not need to find a 

Of thHoir'"'^' °- or^th 

o£ the following mechanisms: 

cers. Routxng within a cluster is done bv anv of hh» .k 
mentioned non-hierarchical methods. Howeverr:!tin: TT' 
^e outside s-s cluster is done hy sending the dat! ll I 

Cluster, not to a fixed net, and the gateway nodes are also 
mohile nodes., i,ata are then passed from cluster to clusL: 
via the gateway nodes that ™ust solve the intercluster 

Ixes. Then the data are routed to D using the intracluster 

:::rint:rt"— ''■"-^ -^^ - - 

Xocatlon-alded protocols, if s knows its o«n geographic lo- 
cation, as well as that of it can send data in tL^ 
-ctxon Of D without knowing a complete path to D. xhe 
Challenge is then to .naintain up-to-date information on the 
ITT . destination nodes, which are mobile 

If the destination node is a fixed gateway node G (glCjng 
access to a fixed net) , then this challenge is trivfaI3 

:::hi^:;""^ " --^"^ ----- 
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There Is probably no unique best solution to the »r.„M 
™Xti.hop routm, on an a.-hoc net. Such rllZVlTZZ 
wxdely in the mobility ot the nodes, and in the pat'rTZd 
volume Of intemode traffic. Each different type ^^ rl^tl^^ 
scheme has its own weaknesses as described baL. ' 

Proactive protocols. Such protocols obviously work best 

ro::n :h:rtT' T"^ ^^--^^ varym^.^sy the si 
token. When the network is too dynamic (e.g., because the 
nodes are too mobile) these protocols sw«^ the network 
wxth overhead messages, seeking to hold the full seH^ 

txon Of the network. That is, these protocols fall when the 
network topology changes too often - typically becalsTt^ 
node mobility Is too high, and/or the I!t„ork iftTla^: 
in Short, the principle problem with proactive prot^olTIs 
the large routing overhead incurred for dyn^nlc networks. 

reactive protocols: These protocols seek routes only when 
they are needed, thus reducing their routing overhead Tt^ 
respect to proactive protocols. That is. their routing 
overhead grows with network traffic rather than with net- 
work transience. These schemes can thus «,rk well for T 
highly dynamxc network, as long as the traffic rate is not 
too h.gh. ror this reason they tend to be preferred over 
proactive protocols. 
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Reactive protocols fail when the rate at which paths must 
be found exceeds the rate at which they can be found. T^s 
™ due to high traffic (which Increases the former 

rate IndT '"^^^^^^ '"^^-^^ Increases the former 

rate and decreases the latter) . or large network si.e 
(Which decreases the latter rate^ tv,^,, 

v,nr,«^=Kn ^ ■'■atter rate) . They are particularly 

vulnerable to the latter factor- -i^^ i-y>^ ^ , 

l^-rrr^ . ^actor . if the network grows too 

oeed the txme for which the path is valid-at which point 
routing becomes impossible. 
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Z "° ^ can handle 

both of tl,.»« r ^ significant bottleneck for 

both Of these claases of protocols-reactive and proactive. 

' TZ'T'V ""-^ avoid the need to 

fxnd an entxre path before sending data. However thev f ac« 
problems similar to those v,. . '^'^^ ^ace 

Is thev ^ proactive schemes - that 

^s. they fan for networks that are too large and/or too 
dynamic. The reason is that they must repeatedly solve I 
network-Wide problem: the choice of how to cluster t^ 
nodes .nto a hierarchy, and how to route between the clus- 

na^Lli: r^"^ "''"'^ "'"^^ "°<»" 
naturally to move in clusters) , the solutions to this 

global problem will „ot vary too rapidly. However, for the 

lated fashion, a hxerarchlcal scheme will incur unaccept- 
able overhead costs, particularly if the network is IZ^. 

iocation-aided pz^tocols, These protocols largely avoid the 
overhead problems of the above-mentioned type!, L they 

order to send data. They then have two weaknesses. First 

llToaT.-''""T^^ '° inf o^atJ: ::;ut 

the locatxon of the destination. The source does not need 
exact knowledge of D-s location, and so such schemes c^ 
^ ""^P-"^— '^'a-' information. Furthermore, r^^ier 
communxcatxon with D serves to keep its location u;datf^ 
Hence a problem arises only when nodes co^mn^cate in^' 

ZT I T ^ ""^^ -""are^ 

nodes. Which are also far away geographically. 

Asecond problem with location-aided routing schemes is 
^t they naturally rely on "aiming" the data towards D. 

!^ to"; ^ '° neighbour clos- 

est to D. The problem arises when data arrive at a node 
that cannot reach D directly, and which also has no 
neighbour which is closer to D than it is itself, such a 



node represents a «dead end" for this type of routing 
scheme. Which thus must be augmented with some mechanism 
for routxng around dead ends. Dead ends are most likely for 
with a low and/or very uneven density of nodes 

Finally (as noted above) , note that routing to a fixed 
gateway node has only the second of these two problems 
sxnce the location of the destination G is always known. 

Summary of fch«> < nvanfciQ« 

It is an object of the present invention to provide a 
method that eliminates the drawbacks described above The 
features defined in the claims enclosed characterize this 
method and arrangement. 

in particular, the present invention discloses a method for 
updatxng routing tables in a node of a dynamic network, 
each routing table represents a possible destination node 
for a data message transmitted from the node, and each 
routing table includes one probability value for each 
neighbour node, by, at detection of a lost connection with 
a nexghbour node, for each routing table in the node, re- 
moving the probability value associated with the lost 
neighbour and adjusting the probability values of the rest 
of the neighbour so as to sum to one, and creating a new 
routxng table for the lost neighbour node by initially as- 
sxgning equal probability values for each of the respective 
remaxning neighbour nodes in the new routing table and then 
adjusting the probability values according to quality meas- 
urements performed by data messages emitted from the node 
towards the lost neighbour node. 

Detaile d A&sarip f<r^^ 

AS earlier mentioned, in general, it is challenging to 
route messages between nodes in an AHN. it is to this rout- 
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lar to ■milti-hop routing in an ad-hoc network. 

^ present invention i. at least partly based on stochas- 
tic rout^g. stochastic routing is a for™ of «ultipath 
. routing, xn ™^tipath routing, nodes maintain routing ta- 
bles <RTs) with ^.Itiple Choices of path for each poLihle 
dest.nat.on For dynamic networks it is advantageous to 
^xntarn ^tiple paths, as it allows for rapid change of 
choice in case the first choice of path fails, stochastic 
routing entails the n^intenance of information ^^I^^ulti 
pie paths, and also that the choice among multiple pa^hi hi 
Made prohahilistically rather than deterlinisticLly ^^r 
stochastic routing necessarily involves the following 

an for every possible destination D. Each such rt has an 
T^Z, L^'^ -ig»bour k of s. With a probability 

Lf'r^' "^"^^ ^° ^ S to D, 

neighbour k is chosen with probability p(k.D). 

AS earlier mentioned, stochastic routing has been proposed 

sL'rr^^ '° — num^Z: Re- 

search papers, and a form of stochastic routing for i«m h^s 
been proposed in Gupta et al. 

^e present invention employs stochastic routing for AHH 
It involves the use of the data packets themselves asT' 
means for updating the nodes- routing tables, with a novel 
mixture of stochastic and deterministic routing f or th^ 
^tl: i-ention includes a novel method for up- 

dating RTs m the event of the establishing of a new lij^ 

Every stochastic routing scheme needs a method for updating 
the «T probabilities (also called -weights.,. In this p^'' 
posed invention, each time a message is sent from s to p. 
xt w^ll measure the .^lity of the path taken. The ,uali;y 
measure nay be number of hoos n™^ /i.i quality 

^. nops, time delay, or other meas- 

ures, or a combination of these ti,. -..^v, ^ 

^ wj- cnese. Tlie method proposed here 
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can be used for any such quality measure, as long as it is 
measurable. The quality measure for the path, along with 

VT^-^"':'' """^'"^ ^^--^ data 

packet. Thxs xnfoannation represents a small amount of over- 
head included with the sending of data. 

RT updates are then performed as follows, if the links in 
the network are symmetrical, then the message can update 
RTs pointing towards S at each node N visited on the path 
sxnce, by symmet^r, the quality of the path is the same 
as the quality of the N^s path, so that the former can be 
used to update N's RT for destination S. 

If the links are not symmetrical, then the message arrives 
at D with infoz^ation on the quality of the S^D path taken. 
Plus a measure of the quality of all intermediate paths of 
the form S-.N. This information is then sent back to S via a 
«nall high.priority routing packet, and used to update the 

rel fr """^ -thod 

requires that nodes have a mechanism for prioritizing pack- 
ets, so that these return routing packets can be given high 

bLTt"'^^ '""'""^ information they convey 

back to S from becoming obsolete. 

The measured quality of a path may be termed 5. Let 
P(KD) (old) be the probability in the RT towards D via k 
before updating. Then the updated value is 
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for the case that neighbour k was used in the path. The re- 
rnainmg entries j for destination D are corrected to hold 
the probability sum to one: 
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m^thoT " """^ '° '^"^ perforManoe of the 

as ttaB part of the updating procedure is not different 
from known methods for static networks. ^"^'^^'^ 

According to a preferred embodiment of the invention » 

=ti: r „-eT=^ °' -.=:"ic:ih^ 

ctstic RTs. Hence, this method naturallv ad^,1=^o 

r r f — - - raief a?;:: : ttf. 

r^lia^x:. ^'^-"^ »0 -e hence likely to be 

txon. Which IS mdependent of traffic rate, but instead is 
triggered by changes in network topology, ihis seco^ 
^chanism thus keeps «.s updated even Z low tramTrates 
w>-le Playing a minor role at high traffic rates. 

^e sefL " ^ neighbour set Hs J, 

The set of neighbours for a node using wireless • 
something to be decided by an algoritL lT. ::i:T:Z.r 
Ir^^TlT: '° "^'^'^ connectivity, while attemp^^ 

tI! " ' °* algoritha« in use for 

TtL ^ <»°as not specify this algo- 

rithm. What IS specified is a rule for responding to a 
Change in the NS. Here there are two possible caLs <a) a 
neighbour is lost, and ,b, a neighbou! is galnr ' 

W» t°f 1 "^S^' ^ ^«^- =<»nec- 

folel r^'^""" """" ^-l^- to ^ P«- 

iZS'ti r ''^^ ^-"-tions D must be ad- 

justed to reflect the removal of neighbour k. (ii, „ode 
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j must build a set of weights specifying how to route to 
since k is no longer a one-hop neighbour. 

(i) For every destination D, the weights for the remain- 
ing NS of j must be adjusted so as to sum to one It 
xs prc^osed in this invention to adjust these weights 
xn such a way that they retain the same relative 
weight that they had before the loss of neighbour k 
This rule is motivated by the fact that loss of 
neighbour k has not provided any new information 
about the relative goodness of the remaining paths to 



(IX) Node j must wait a (tunable) time interval At(i) af- 
ter detecting loss of neighbour k. If connection to k 
has not been re-established after this time, and if 
node j has not attempted to send any data to k in 
that time, then node j shall emit a Mummy" message 
whose sole purpose is to provide needed routing in- 
formation between j and k. The RT of j towards k is 
xnitially set to equal weights, that is all 
neighbours of j are taken to be equally likely to 
provide a path to k. Hence, the dummy message emitted 
by 3 will choose outgoing neighbours of j with equal 
probability in its search for k. Subsequent nodes in 
the path will have routing information towards k; 
here the dummy message will choose the highest -weight 
path for its next hop along the way to k. For symmet- 
ric links, the dummy's quality measure can be used to 
update the RT (towards j) of each node visited along 
the way to k (including k itself) . For either symmet- 
ric or asymmetric links, upon reaching k, the dummy 
triggers a high-priority routing packet, which re- 
turns to j with a quality measure which can be used 
to update j's RT towards k. if j has not received 
such a confirmation after a (tunable) time At (2) 
since the emission of the dummy, j will emit another 
dummy. Thus, j will continue to emit dummies, seeking 
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the lost nexghbour k, until it succeeds. Note that 
«xth hxgh probability for asymmetric links, and with 
100% probability for syxr^etric links, when j losls k 
as a neighbour, k also loses j , and so begins emit- 
ting dummxes seeking j . The result of step (ii) is 
then that j and k have re-established up-to-date 
routing information connecting the two nodes. 

b) Gain of a ne.. neighbour. Suppose j has gained a new 
nexghbour w. Now there is only one task to be done 
sxnce the analogue of (ii) - fading the lost neig^our- 
xng node - is not needed here. The task is then to ad- 
just RT for all possible destinations D (other than 
gxven that j has acquired a new neighbour. It is de- 
sxrable to use the routing information stored in j ' s 
RTs, and also to use the. routing information stored in 
w's RTS. This is done as follows. 

The object is to pool information from nodes j and w 
about how to reach destination D. The first step is to 
assess the quality of the information held by j and w 
respectively. Quantitatively, j computes a routing- ' 
quality rating RQR(D,j) for each destination in its RT: 

where prmax,i.; is the largest weight in j's current list 
for destination D, and prmin,B; is the smallest. Com- 
puted xn this way, any RQR has a minimum value of zero 
(nothing is known about routing to D) , and a maximum of 
one (xn which case only one, best route to D has any 
wexght). Node j also requests the RQR(d,w) for each des- 
tination D from node w. 

Now j Will give more or less weight to the use of w as a 
r^e to D according to the relative values of the two 
HQte. If 3 had n neighbours before discovering w, then 
it has n*l neighbours afterwards; and so an average 
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^^"^""""^^^ the two RQRs (that Of j, and 

that of w) are different enough, as follows. Let 

x = RQR(D,yv) 

Then the new weight given to node w in. j's RT for D is 

i 0 otherwise 

This rule gives average weight to w if its RQR for D 
(whxch measures how much node w "knows" about routing to 
D) xs the same as j's RQR for D. Howevei:, if w knows 
much more than j [RQR(d,w)=i, and RQR(D,j)=o], then w's 
new weight xn j's routing table will be 100%. Finally 
xf w's RQR is sufficiently less than j's, it will get' 
^ero weight. In short, this rule is designed to assess 
the relative "wisdom" of the two nodes, regarding the 
task of routing to D, and to weight paths to D from i 
vxa w accordingly. The remaining weight, that is, i- 
prw,i.; rnew;, is divided proportionally among the remain- 
ing neighbours of j, with the proportions fixed to be 
the same as before the discovery of w. 

Given a routing table with multiple, weighted entries for 
each destination, there are three choices for how to route 
a packet towards that destination. These choices may be 
termed "uniform" or u routing, "regular- or r routing, and 
"greedy" or g routing. 

uniform .outing t^ore. the weight, in the RT, and chooses 
the next hop wxth equal probability from the nodes in the 
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ne^Lghbourins set. vnito^ routing Is not likely to be a 
9o^=hoi=e tor routing data. However notel Lot,? 
aurno^ messages seeking a lost neighbour node are routi; <at 
the fxrst hop, uniformly. Purther^ore, it can be ad^ta 
: g»ous to emit small nun^ers of dun..y ^..ages evef r'^: 

t:r::: r T^^^ ^ese „es,agL serve 

noxse" In the routing process. m.elr utility lies In that 
they can serve to discover good routes which «>uld othe^ 
-se go unused, In the case that the systen-s RTs havTset- 
tled on a different set of routes that «.re once thelest 
but are no longer so. That is, noise in routing pr^ts 
the freezing, of the system Into less-than-optlLl^:tes . 
It xs co^uon xn stochastic routing schemes to employ a 
small percentage f * of u-routed du^y Messages; and In the 
proposed scheme such messages will also be used, with " a 
tunable parameter. ^ 

ZTi^Tn^s ZT^ "-"^^^t- vith the probabilities given 
in tne RTs. This IS stochastic routing. 

wiiait"' T'"^ """^^^ "^""^^ 'he highest- 

rn::e::Sstt.'" -^^ — 

c^r."" °* routing on fi^ed networlcs. It is 

common to use a significant number of du™^ messages for 
the purpose of gathering routing information. These du™^ 
messages are often called "agents" or «ants», the latter 
name =omxng f rom their nature as small objects swarming 
the network, and leaving a "trail" behind them that 
guides other ants, in order for later ants to be able to 

the ants (dummy messages exploring the network) are routed 

^tlli^w r- "^^ ""^^ '-^^ ProbabllLres 

est^lished by earlier «^lence. On the other hand, mes- 

routing: one chooses the best known path at any given timl 
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Hence, previous studies of stochastic routing on fixed net- 
works have used r routing for dummy, exploratory messages 
(ants), and g routing for data, m the proposed invention, 
ants and data are to be combined: every data packet trans- 
mitted through the network is used to update Rts, and there 
are few empty (dummy) messages used purely for exploring 
the network, m other words, messages also act as ants 
Yet, since the two are combined, they must be routed by the 
same rule: g or r routing. 

in this invention, it is proposed to use a mixture of the 
two rules: h% of messages shall be routed with high prior- 
xty (greedy routing, highest weight) and (100-b)% of mes- 
sages Shall be routed with standard priority (regular rout- 
ing, according to the weights in the RTs) . h is a tunable 
parameter. This invention employs a mixture of the two 
routing rules, in order to allow for the benefits of both- 
g routing will normally give the best performance for any 
given message; but r routing is needed to support the 
learning process that the messages, collectively, are con- 
tributing to. Hence, a mixture is chosen, with the propor- 
tion of each to be deteronined according to the performance 
achievable under a given set of operating conditions. 

All of the new (and other) features of the present inven- 
tion described here can be used with hardwired networks, 
whenever such networks have sufficiently dynamic operating 
conditions, such as changing traffic patterns, or nodes or 
links changing their connectivity, so that adaptive schemes 
such as stochastic routing are beneficial. 

There is also an important case, termed «mesh networks", 
that is intermediate between the hardwired case and the ad- 
hoc network. Mesh networks use multi-hop routing among 
wireless nodes; but the nodes are not generally mobile. In- 
stead they are fixed to buildings. Such networks can advan- 
tageously use algorithms similar to those used by ad-hoc 
networks. Such algorithms allow mesh networks to dispense 
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With central control, even while allowing nodes (say at 
individual homes) to enter and leave the network in L un- 
planned fashion. That is, ntesh networks are most attractive 
when they support a self-healing mechanism, very much like 
that used with AHN. The methods described in this invention 
could be profitably applied to mesh networks. Examples of 
companies now offering mesh-network technology include 
MeshNetworks, SkyPilot, CoWave, and Ember. 

It is most likely that ad-hoc routing will find its- widest 
applicability when used in combination with fixed networks 
isolated, mobile wireless networks are not likely to be of' 
use except in special cases; but multi-hop and wireless 
connectivity promises to be a useful way to extend the 
reach and capacity of fixed networks with base stations 
Thus, the likeliest use of .AHNs will involve routing to and 
from a fixed gateway node, or base station. The present in- 
vention will be useful for this case, and will almost cer- 
tainly perform better for this case than for the «pure" 
case of only routing between mobile nodes within the AHN 
This is because it is less challenging to route to a fixed 
gateway than to route to a large number of mobile destina- 
tions. Thus, fixed infrastructure, extended at the »edge« 
by multi-hop wireless routing, which in turn uses stochas- 
tic routing as described here, is a very promising scenario 
for future telecommunications systems. 

Location-aided routing also promises to perform well in 
such situations, m the event that it becomes practical to 
support the provision of real-time positioning information 
on low-cost, mobile, handheld devices, then such informa- 
tion Should be combined with stochastic routing to give the 
Simplest and most reliable support for irrulti-hop ad-hoc 
routing. More specifically, the present invention could be 
combined with location information to give even more effec- 
tive routing. 
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Further, the present invention is not limited to the em- 
bodiments described herein. Many substitutions and varia- 
tions are imaginable within the scope of the present inven- 
tion as defined in the attached independent claim. 
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Patent claims 

1. A method for updating routing tables in a node of a 
dynamic network, each routing table represents a possible 
destination node for a data message transmitted from the 
node, and each routing table includes one probability value 
for each neighbour node, 
characterized in 

a) at detection of a lost connection with a 
neighbour node, for each routing table in the 
node, removing the probability value associated 
with the lost neighbour and adjusting the prob- 
ability values of the rest of the neighbour so as 
to Slim to one, 

b) creating a new routing table for the lost 
neighbour node by initially assigning equal prob- 
ability values for each of the respective remain- 
ing neighbour nodes in the new routing table and 
then adjusting the probability values according 
to quality measurements performed by data mes- 
sages emitted from the node towards the lost 
neighbour node. 

2. Method according to claim 1, 

Characterized in that a neighbour node is 
a node directly connected the node in question. 

3. Method according to claim 1 or 2, 

characterized in that the adjusting of 
probability values in step a) results in the same relative 
relations among the remaining neighbours as prior to the 
loss of the neighbour node. 

4. Method according to one of the preceding claims, 
characterized in awaiting a predefined pe- 
riod of time from the loss is detected until the adjustment 
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Of existing routing tables and creation the new routing ta- 
ble is executed. 

5. Method according to one of the preceding claims, 
characterized in that the messages per- 
forming the route quality measurements, and updating the 
routing tables, are singly the data messages themselves, 
dummy messages are specially emitted only for the purpose 
of finding a lost neighbor node. 

6. Method according to one of the preceding claims, 
characterized in that when a message per- 
forming quality measurement reaches the lost neighbour 
node, returning to the node a high priority routing packet 
containing the quality measurement. 

7. A method for updating routing tables in a node of a 
dynamic network, each routing table represents a possible 
destination node for a data message transmitted from the 
node and each routing table includes one probability value 
for each neighbour node, 

characte r JL z e d i n 

a) at detection of a gain of a new neighbour, for both 
the neighbour node and the node in question, computing 
one quality rating for each possible destination node, 
based on the maximum probability value and minimum 
probability value for each destination node, 

b) for all possible destination nodes, computing a new 
probability value for the new neighbour node based on 
the quality rating for the neighbour node and the node 
in question and the niomber of its associated neighbour 
nodes . 



8. Method according to claim 7, 

characterized in that the quality rating 



IS equal maxiinum probability value minus minimum probabil- 
ity value. 



9. Method according to claim 7 or 8, 

characterized in that a new probability 
value for a new .neighbour node is: 




i/>0 

"■J 

otherwise 

where x is the quality rating of the new neighbour node, y 
is the quality rating of the node in question and n is the 
number of neighbour nodes before gaining the new neighbour 
node. 

10. A method for updating routing tables in a node of a 
dynamic network, each routing table represents a possible 
destination node for a data message transmitted from the 
node and each routing table includes one probability value 
for each neighbour node, 
character "i zed in 

each time, or a number of times, a message is sent 
from one node to another in the dynamic network, meas- 
uring the quality of the intermediate link and storing 
information of the measure and the path travelled, 

when the node receives a message including quality in- 
formation of a link originating from the node via a 
neighbour node terminating in a destination node, ad- 
justing the probability value in a routing table asso- 
ciated with that link based on the quality information 
and the old probability value amount. 

11. Method according to claim 10, 

characterized in that in case of symmetri- 
cal links, the message may be any data message measuring 
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link quality emitted from the destination node arriving the 
node via the neighbour node. 

12. Method according to claim 10/ 

characterized in that in case of asymmet- 
ric links, 

returning, from the terminating node of a data message 
measuring link quality, a high priority routing packet 
back to the originating node of the data message, 
which routing packet includes the measures of the in- 
termediate links carried out by the data message. 

13. Method according to claim lo or 11, 

characterized in that adjusting the prob- 
ability value in the routing table associating with a link 
with destination node D via neighbour k results in an up- 
dated amount according to. the following expression: 

p{k,D)iold)+6 
1+5 

where <5 represent the measured quality of the link and 
p{k,D){old) represents the old probability value amount, and 
the remaining probability values in the routing table are 
adjusted in such a way that all the probability values of 
the routing table sum to one. 

14. Method according to one of the preceding claims, 
characterized in that the quality measures 
are represented by hops and/or time delay and/or other 
measxires . 
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Abstract 



A method for updating routing tables in ad-hoc networks 
(AHN) , such as networks including mobile nodes communicat- 
ing via wireless links, is disclosed. The method utilizes 
both stochastic and empirical information for updating 
routing tables at loss or gain of neighbour nodes. 



